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ABSTRACT 
In this study, Circassian cheeses were manufactured using %100 NaCl, %25 
CaCl2/%75 NaCl, %25 KCl/%75 NaCl,  %50 KCl/%50 NaCl,  %25 MgCl2 / %75 NaCl rates 
by salt substitues and stored for 90 days in vacuum package. A panelist group of 7 persons 
was formed for sensory evaluation of Circassian cheese samples. Colour and appearance, 
mass and structure, odour, taste, salinity level and general acceptability properties were 
evaluated.  
The use of different salts did not affect colour and appearance, odour and saltiness 
points. The general acceptability scores of salted cheese samples by sodium  chloride 
substitution with calsium chloride found to be lower than other Circassian cheese samples. 
The general acceptability scores of cheeses  salted  partially replacing sodium chloride  with  
potassium chloride were similar to  the control group. During the storage period, the most 
appreciated cheese were Circassian cheese which was salted by replacing with 50% 
KCl/50%NaCl. 
INTRODUCTION 
Circassian cheese is known in different countries like Turkey, Jordan, Israel, Syria, 
Cyprus, Iraq, Kosovo, Lebanon. Circassians introduced Circassian cheese,part of their 
culture, to the countries they emigrated from the their homeland Caucasus (Guneser and 
Yuceer, 2011; Dervısoglu et al., 2012). Circassian cheese is an acid coagulated cheese and 
traditionally produced in a fresh, sun-dried or smoked. This cheese can be made from cow, 
goat, buffalo or sheep’s milk or it can be processed  out of a mixture of these milk (Guzeler 
and Parlak, 2010).  
Salting of cheese is a basic production stage. Salt helps ripening of cheese with 
starter cultures, limits the activities of microorganisms and provides ejection of exceed water 
in cheese (Ozdemir et al., 2010). Salt and sodium concepts are different from each other. 
Sodium is necessary for health and if it is taken in enough quantities, it regulates the fluid 
balance in the body. Excessive salt intake causes blood pressure to increase (Samur and 
Yıldız, 2012). The high salt content increases the risk of osteoporosis, hypertension, gastric 
cancer, colon cancer, rectal cancer, kidney stone formation (Tuyns, 1988; Ayyash and Shah, 
2010). The salt content of the Circassian cheese varies according to the production location. 
Studies have shown that the salt content  of  Circassian cheese has changed between 3.8% 
and 6.3% (Kamber,2008). If 100 grams of fresh Circassian cheese is consumed per day, a 
hypertension patient takes more than half the recommended daily intake (6 g), and a cardiac 
patient consumes more than the amount recommended for him (3 g). The other salt 
derivatives was used instead of salt in cheese technology so sodium free or poor cheese 
manufactured. For this purpose, instead of NaCl; calcium chloride, ammonium chloride, 
potassium formate, magnesium citrate, monopotassium phosphate and similar substances 
utilized (Reddy and Martha, 1993; Karagozlu et al., 2008; Ayyash and Shah, 2010; Cruz et 
al., 2011; Ayyash et al., 2012; Grummer et al., 2012).  
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The principle objective of this paper is to determine and compare proteolytic 
properties in Circassian cheeses made with the mixtures of NaCl and KCl, CaCl2 and MgCl2 
to that of cheese made with NaCl (control). 
 
MATERIALS AND METHODS 
Circassian cheese was produced at Gunes Milk Food Ltd. Company in Turkey. 
Clarified raw milk was pasteurized at 85 °C/ 15-20 sec. The temperature of milk raised from 
83 °C to 95 ºC in the coagulation tank. Sour whey remaining from the previous Circassian 
cheese production was added to milk which has a pH in the range 3-4 acidity. Thus, 
coagulation of the milk achieved and waited until the curd was collected in the upper part of 
the tank. Some of the whey removed from the pan and the curd transferred into baskets by 
dipping these into the pan. The curd left in the basket for its liquid to be drained off and for 
molding. The produced cheese samples were divided into five groups. Cheese samples 
were salted in %14 brine. Circassian cheeses were manufactured using (A) %100 NaCl,  (B) 
%25 CaCl2 / %75 NaCl, (C) %25 KCl / %75 NaCl, (D) %50 KCl / %50 NaCl,  (E) %25 MgCl2 
/ %75 NaCl rates by salt substitues and stored for 90 days in vacuum package. 
A panelist group of 7 persons was formed for sensory evaluation of Circassian cheese 
samples. Colour and appearance, mass and structure, odour, taste, salinity level and 
general acceptability properties were evaluated. Sensory evaluations were made on days 
1, 15, 45 and 90 of storage. The cheese samples were evaluated using a hedonic scale 
from 1 to 5 for colour and appearance, from 1 to 5 for mass and structure, from 1 to 5 for 
taste, from 1 to 5 for odour, 1 to 5 for salinity level. (Altug and Elmacı, 2011). Also the 
panelists ranked the cheeses according to their liking. The research was carried out in four 
different applications (A, B, C and D cheeses) and three replications and was arranged in 
accordance with the "Randomized Trial Parcel Plan". The multivariate analysis of the data 
was performed using the SPSS 15.0 package for Windows (SPSS Inc., Chicago, IL). 
RESEARCH RESULTS 
The colour and appearance scores of Circassian cheeses during 90 days of storage 
were given in Table 1. The effect of different substitute salts on colour and appearance 
scores of Circassian cheeses was determined to insignificat statistically (p>0.05). However, 
the use of substitute salt made a difference  about colour and appearance on the first day 
of storage. It was thought that this difference was due to the water content of cheeses on 
the first day of storage.  
Table 1 
Colour and appearance scores  of Circassian cheeses during storage 
Cheese 
Storage Time (Day) 
1.Day 15.Day 45.Day 90.Day 
A 3.76±0.77aK 4.19±0.60aK 4.05±0.59aK 4.19±0.68aK 
B 4.14±0.73aKL 4.14±0.73aK 3.95±0.74aK 3.90±0.94aK 
C 4.19±0.81aKL 4.19 ±0.81aK 3.95±0.59aK 4.09±0.77aK 
D 3.86±0.79aKL 3.86±0.79abK 4.00±0.63abK 4.33±0.58bK 
E 4.33±0.58aL 4.05±0.67aK 4.09±0.54aK 4.24±0.62aK 
A: NaCl, B: %25 CaCl2 / %75 NaCl, C: %25 KCl / %75 NaCl, D: %50 KCl / %50 NaCl, E: %25 MgCl2 / %75 NaCl 
a, b, c: Values shown in different letters on the same line differ from each other at p <0.05 level. 
K, L, M: Values shown in the same column with large different exponents differ from each other at p <0.05 level. 
The effect of storage time on the colour and appearance scores of the cheeses was 
significant in sample D (p<0.05). Colour and appearance scores increased during storage 
period in D group cheeses. At the end of the storage period, the colour and appearance 
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scores decreased at the cheese with B code. Depending on the increase in acidity, it was 
thought that the colour and appearance score decrease due to the separation of the calcium 
from the cheese structure. Katsiari et al. (2000) found similar results in Feta cheeses. During 
the storage period there was a slight decrease in colour and appearance scores of cheese 
samples. Low- sodium Circassian cheese samples produced by replacing with 50% NaCl 
by 50% KCl (4.33) became the most appreciated cheese group for colour and appearance 
at the end of storage. Parallel to the progress of the storage period, the colour and 
appearance scores of the cheese samples decreased. 
The odor scores of cheeses during 90 days of storage time were given in Table 2. 
The effect of substitute salt usage and storage time on the odor scores of Circassian 
cheeses was found to insignificant statistically (p>0.05). At the beginning of the storage 
period, the highest odor scores  were given to samples containing CaCl2 (4.00), the lowest 
odor scores were given to E group cheeses (3.95) at the end of the storage period.  
Table 2 
Odor scores  of Circassian cheeses during storage 
Cheese 
Storage Time (Day) 
1.Day 15.Day 45.Day 90.Day 
A 3.76±0.89aK 3.95±0.86aK 3.95±0.67aK 3.86±0.85aK 
B 4.00±0.71aK 3.81±0.81aK 3.90±0.70aK 3.86±0.85aK 
C 3.85±0.85aK 3.86 ±0.92aK 3.90±0.77aK 3.90±0.77aK 
D 3.71±0.90aK 3.76±0.89aK 3.67±0.79aK 3.90±0.83aK 
E 3.76±0.89aK 3.86±0.91aK 3.67±0.97aK 3.95±0.86aK 
A: NaCl, B: %25 CaCl2 / %75 NaCl, C: %25 KCl / %75 NaCl, D: %50 KCl / %50 NaCl, E: %25 MgCl2 / %75 NaCl 
a, b, c: Values shown in different letters on the same line differ from each other at p <0.05 level. 
K, L, M: Values shown in the same column with large different exponents differ from each other at p <0.05 level. 
The taste scores of Circassian cheeses during 90 days of storage were given in Table 
3. The effect of using substitute salt on taste scores of Circassian cheeses was statistically 
insignificant (p> 0.05). Group B samples had the lowest taste scores and a bitter taste was 
observed by some panelists. Similarly, in studies conducted by Fitzgerald and Buckley 
(1985) and Aly (1995), were observed a bitter metallic taste in cheeses salted with substitute 
salts containing calcium or magnesium. Metallic bitter taste was not observed in all cheese 
samples. Because sodium chloride can mask some metallic chemical negative effects.  
Table 3 
Taste scores  of Circassian cheeses during storage 
Cheese 
Storage Time (Day) 
1.Day 15.Day 45.Day 90.Day 
A 3.95±0.67aK 3.81±0.75aK 3.76±0.63aK 3.71±0.64aK 
B 3.48±0.68aK 3.38±1.07aK 3.57±0.98aK 3.33±0.97aK 
C 3.71±0.64aK 3.81±0.75aK 3.76±0.54aK 3.62±0.80aK 
D 3.67±0.79aK 3.67±0.86aK 3.52±0.75aK 3.81±0.68aK 
E 3.52±0.81aK 3.85±0.87aK 3.71±0.78aK 3.71±0.72aK 
A: NaCl, B: %25 CaCl2 / %75 NaCl, C: %25 KCl / %75 NaCl, D: %50 KCl / %50 NaCl, E: %25 MgCl2 / %75 NaCl 
a, b, c: Values shown in different letters on the same line differ from each other at p <0.05 level. 
K, L, M: Values shown in the same column with large different exponents differ from each other at p <0.05 level. 
However, this effect depends on the concentration of added sodium chloride and on 
the type of chemical components formed during shelf life (Katsiari et al., 1998).  
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The effect of storage time on taste scores of cheese samples was found statistically 
insignificant (p>0.05). The taste scores of cheeses salted with brine containing KCl and 
MgCl2 were found to be similar to control group. 
Similarly, the taste scores were not different from the control group in cheeses salted 
with KCl/NaCl combination in the study on Cheddar cheese (Fitzgerald and Buckley, 1985). 
Katsiari et al. (2000) found similar results in Feta cheeses. 
The salinity scores of cheeses during 90 days of storage time were given in Table 4. 
The effect of substitute salt usage and storage time on the salinity scores of Circassian 
cheeses was determined statistically significant (p<0.05). On the first day of the storage, the 
salinity scores of the control samples were different from the other groups. The salinity 
scores of C group cheeses varied during storage. The highest salinity scores were given to 
the D group cheeses (4.05) at the beginning of the storage period and to the B and D group 
cheeses (3.76) at the end of the storage period by the panelists.  
Table 4 
Salinity scores  of Circassian cheeses during storage 
Cheese 
Storage Time (Day) 
1.Day 15.Day 45.Day 90.Day 
A 3.38±0.86aK 3.52±0.75aK 3.57±0.75aK 3.67±0.73aK 
B 3.48±1.16aKL 3.28±0.84aK 3.62±0.86aK 3.76±0.77aK 
C 3.48±0.86aKL 3.09±0.70bK 3.33±0.73abK 3.62±0.74aK 
D 4.05±0.86aL 3.52±0.75aK 3.52±1.06aK 3.76±0.70aK 
E 3.76±0.89aKL 3.38±0.67aK 3.48±1.06aK 3.71±0.64aK 
A: NaCl, B: %25 CaCl2 / %75 NaCl, C: %25 KCl / %75 NaCl, D: %50 KCl / %50 NaCl, E: %25 MgCl2 / %75 NaCl 
a, b, c: Values shown in different letters on the same line differ from each other at p <0.05 level. 
K, L, M: Values shown in the same column with large different exponents differ from each other at p <0.05 level. 
The mass and structure scores of Circassian cheeses during 90 days of storage were 
given in Table 5 . The effect of substitute salt on the mass and structure scores of the 
Circassian cheeses was statistically significant (p<0.05). Mass and structure scores of E 
group cheeses were found lowest on the first day of storage. The decrease in mass and 
structure scores was thought to be caused by activation of proteolytic enzymes of 
magnesium in group E cheeses and by separation of calcium from cheese structure in 
parallel with increase of acidity in group D cheeses. 
Table 5 
Mass and structure scores  of Circassian cheeses during storage 
Cheese 
Storage Time (Day) 
1.Day 15.Day 45.Day 90.Day 
A 3.62±0.80aKL 4.00±0.55aK 3.48±0.75aK 3.76±0.83aK 
B 3.71±0.78aL 3.43±0.60aK 3.57±0.75aK 3.28±0.96aK 
C 3.48±0.93aL 4.05±0.67aK 3.29±0.84aK 3.43±0.98aK 
D 3.19±0.68aL 3.80±0.87aK 3.52±0.81aK 3.48±0.98aK 
E 2.86±0.85aK 3.71±0.90aK 3.29±0.71aK 3.33±0.98aK 
A: NaCl, B: %25 CaCl2 / %75 NaCl, C: %25 KCl / %75 NaCl, D: %50 KCl / %50 NaCl, E: %25 MgCl2 / %75 NaCl 
a, b, c: Values shown in different letters on the same line differ from each other at p <0.05 level. 
K, L, M: Values shown in the same column with large different exponents differ from each other at p <0.05 level. 
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The effect of storage time on cheese mass and structure of points is not significant 
(p> 0.05) and were similar to each other during storage. The highest mass and structural 
point at the end of the storage was determined in control group cheese. 
The general acceptability scores of cheeses during 90 days of storage time were 
given in Table 6. The effect of using substitute salt on the general acceptability scores of 
Circassian cheeses was statistically significant (p <0.05). General acceptability scores of B 
and C group cheeses were found to be different from other samples on the 15th day of 
storage. The general acceptability scores of  cheese samples containing CaCl2 were found 
to be lower than those of other Circassian cheese samples in all storage periods. The 
general acceptability scores of Circassian cheeses salted with 50% KCl/%50 NaCl  were 
found to be similar to the control group. 
Table 6 
General acceptability scores  of Circassian cheeses during storage 
Cheese 
Storage Time (Day) 
1.Day 15.Day 45.Day 90.Day 
A 3.86±1. 06aK 4.00±0.55aKL 4.00±0.89aK 3.95±0.74aK 
B 3.62±0.86aK 3.57±0.87aK 3.67±0.91aK 3.62±1.02aK 
C 3.81±0.98aK 4.05±1.02aL 4.05±0.86aK 3.90±0.94aK 
D 3.57±0.87aK 3.81±0.87aKL 4.00±0.68aK 4.00±0.84aK 
E 3.67±0.97aK 3.71±0.90aKL 3.90±0.96aK 3.71±1.15aK 
A: NaCl, B: %25 CaCl2 / %75 NaCl, C: %25 KCl / %75 NaCl, D: %50 KCl / %50 NaCl, E: %25 MgCl2 / %75 NaCl 
a, b, c: Values shown in different letters on the same line differ from each other at p <0.05 level. 
K, L, M: Values shown in the same column with large different exponents differ from each other at p <0.05 level. 
 Katsiari et al. (2000) detected that the effect of using substitute salt on the general 
acceptability scores of Feta cheeses was insignificant. The effect of storage time on the 
general acceptability scores of the cheeses was statistically insignificant (p> 0.05). At the 
end of the storage period, the highest general acceptability scores were taken by the D 
group of cheeses. 
CONCLUSIONS 
On the first day of storage, depending on the water content , the use of substitute salt 
and the storage period varied in the color and appearance and salinity scores of the 
cheeses. There was no statistically significant difference in the odor and taste scores of 
Circassian cheeses for different substitute salt usage and storage time (p>0.05). The lowest 
taste scores were given to Circassian cheese samples containing CaCl2 and a bitter taste 
was observed.  
The salinity scores of the control samples were different from the other groups on the 
first day of storage. Salinity scores of all samples were similar in other periods of storage. 
Substitution salt  usage affected the mass and structure scores of Circassian cheeses in the 
negative direction. The decrease in mass and structure scores was thought to be caused by 
activation of proteolytic enzymes of magnesium in group E cheeses and by separation of 
calcium from cheese structure in parallel with increase of acidity in group D cheeses. At the 
end of storage, the highest mass and building scores were determined in control samples. 
The general acceptability scores of cheese samples containing CaCl2 substitution  
were lower than those of other Circassian cheese samples. The general acceptability scores 
of Circassian cheeses containing 50% KCl/50% NaCl were found to be similar to the control 
group. At the end of the storage period, the highest general acceptability score was given to 
Circassian cheeses containing 50% KCl replacement. 
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In general, the sodium content of cheeses has been reduced by replacing with salts 
of KCl, CaCl2 and MgCl2. Addition of CaCl2 may cause an increase in the content of lactic 
acid and sometimes bitter taste and loss of colour appearance scores. However, the sensory 
qualities of the obtained cheeses are acceptable and low-sodium Circassian cheeses can 
be produced by MgCl2 and CaCl2 content of 25% with acceptable properties. It is suggested 
that sodium content can be reduced with minimal change in the sensory properties of 
Circassian cheeses with 50% KCl substitution. 
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